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A ngh’r Higgs is Puzzlmg

= spm 0, a new kind of fundamen’ral par’rlcle
- No‘thmg pr'o‘rects its mass = New physncs beyond ‘rhe SM

Then What? Theorehcally

A new force of nature? A ~1/8

At the verge of uncovering a deep 'rheory:‘f |
@ A determined by guage couplings?
e.g., SUSY, A= (g1%+g2?)/8 ...

® or dynamically generated by a new V(g) = L oo Ay
= SHRP" + ¢
strong force? 2 4

(%

e.g., composite Higgs, Higgsless, extra (¢) =v#0 — mw =gw;

dimensions,...
S. Su M% = —2u% = 2\v?
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Then What? experimentally...

@ Is it a SM Higgs? Mass, width, spin, coupling, CP,...
@ Is there more than one Higgs boson?

@ Does this H decay to other things unexpected?

@ Can we use H to look for new physics?

@ Where is new physics? top partners? Dark matter?
@ ...
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New Physics Searches

@ No new physics beyond the SM has been discovered yet
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Summary of CMS SUSY Results* in SMS framework
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miss E
Model 6y Jets EP™ fram -
ADD Gkk +8/a - 121 Yes 47 2
/ADD non-resonant ¢f 2ep - - 203 o e 0
ADD QBH - £q Tem 1 - 203 = 9=aax,
ADD QBH - 2 - 3 4] G—bb%
/ADD BH high Nos 24(88) - - 203 o o
ADD BH high 3. pr lep 22 - 203 o o
RS1 Gk — € 2e4 2D ma c -t —17)
RS1 Gk — WW = tvly 2en - Yes 47 =] °
Bulk RS Gk — 2Z — tlqq 2ep 2)119 = 203 )
Buk RS Gy — HH — bbbb - 4b - 195
Bulk RS gk — tT fepu 2102102 Yes 143 f ——————————————
§Yz; €D 2eu - - 50 g
2 -
UED 24 Yes 48 S TRy T e aSssn—————————
SSMZ' Ut 2ep - - 203 «
SSMZ' —rr 2r - - 195
SSMW' = by temu - ves 23 o x=050
EGM W/ — WZ— byt 3en - Yes 203 o x=075
EGM W’ WZ - qqlt 2ep 2019 - 23 8
LRSM W} - tb leu  2b01] Yes 143 ”n
LRBMW,‘;-'IS Oep  21b1J - 203 ~ ~8 | QUS-13-024 SUS-13-0048.0 1.0 , il A | T e
o AN s - - - TOPIT tivite- - -/
Claqtt 2e - - w3 I3
Cluute 2e,u(88) 21b,21) Yes 143 o b
E EFT D5 operator (Dirac) Oesu 121 Yes 105 ° B %
EFT D9 operator (Dirac) Oep 14,51] Yes 203 .8
Scalar LQ 1% gen 2¢ 220 - w0 = — o o TSRS e
Scalar LQ 2 gen 24 22 - 10
Scalar LQ 3 gen teptr 1b1) - 47 »
Vectortke quark TT — HE+ X 1efi 22b,24] Yes 143 = - -
Vector-ike quark TT - Wb+X 1eu  215,23) Yes 143 )
e T sann e T g reliminar
Veclorike quark BB —» Zb+ X 2p3eu 22n1b - 203 g
Vector-ike quark BB — We+ X 2e,u(38) 216,21] Yes 143 s .
¥ For decays with intermediate mass,
Excited quark q° - gy 1y 1 - 203 E T, HWE T
Excited quark ¢* — g - 2) - 203 705 vy = X- -x)-
Erctedquk b+ We  Torzestn o] v 47 R M ermeiate = X Monert(17X) Mg,
Excited lepton £* — ty 2ep1y - - 130 T, TV Y
c
LSTC ar — Wy temly - Yes 203 s - - =/ - — — — — — — — - — - - - - - - - - -
LRSM Majorana ¥ 2e4 21 - 21 =% Tz’
Type Ill Seesaw 2epn - - 58 2 *
g Higgs triplet H** — ¢ 2eu(88) - - 47 o - "- - - — - — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — - — — =/ —/ /— /= = =
Multi-charged particles - - - 44 g—glv 2
Magnetic monopoles - - - 20 F—qlv
T —— g by,
3—qbtu &
5 q: -
97
n g-am
—~tbs 1"
G-t
—qlv
. q—q )‘122
—qlv i
& e,
—qlv i
o ~a ql s
q-> gbtu Py
Qq—-gbtu A"
bt
ﬂk‘qqﬂ‘lk""z
T —uevt i
R M 122
T —uwt h
n 2
—urvt b
PR
‘Rﬂmll‘)‘m 1 1 1 1 1 1 1 1 1

[ 1 [ L [ L
0 200 400 600 800 1000 1200 1400 1600 1800
*Observed limits, theory uncertainties not included Mass scales [GeV]

S S Only a selection of available mass limits C MS S USY
. u Probe *up to* the quoted mass limit




New Physics Searches

@ No new physics beyond the SM has been discovered yet

s ioHch sy1s © Searches” - 85% CL Summary of CMS SUSY Results* in SMS framework ICHEP 2014
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Status: ICHEP 2014

w Physics Searches

@ No new physics beyond the SM has been discovered yet
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Then What?

Where is New Physics?
larger mass? Small Coupling? Too much BG?

@ Direct search for new particles

Need colliders with larger energies (pp or e+e- with large Ecm)
@ Indirect search for imprints on W, Z, top and Higgs

Need colliders/measurements with unprecedented accuracy

(ete-or pp with high luminosity)

S.Su 10



Machine Options

China plans super collider Nature News, July

Proposals for two accelerators could see country become collider capital of the world.

Elizabeth Gibney

COLLISION COURSE

Particle physicists around the world are designing colliders that are much larger in size
than the Large Hadron Collider at CERN, Europe’s particle-physics laboratory.

CERN's Large

Hadron Collider
Circumference: 27 km
Energy: 14 TeV

P China’s electron—positron collider
%, 52 km; 240 GeV
China’s super proton collider
52 km; <70 TeV

{15/E iromnn st mer . ST x China-hosted international
proton collider electron-positron collider
100 km; 100 TeV & *, et
China-hosted international
.................. super proton collider
80 km; <100 TeV
International ———— ., ‘ o
Linear Collider = teeseeseen w— Existing e Proposed

Length: 31 km
=1 TeV

.................................................... Tev' teraelectronvolt; Gev' g'gaelectronvolt

S.Su 11
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Physics opportunity for HL-LHC

14 TeV with 3 ab-1

® EW Physics

mt¢, mw, rare top decay, VVV/VVVV couplings, WW scattering, ...
® Higgs Physics

mass, width, CP, coupling, rare decay, self-coupling

© New heavy particles

S.Su 12



Physics opportunity at pp machine

80 -100 TeV
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Physics opportunity at pp machine

80 -100 TeV

@ new particles: afew TeV - 30 TeV, beyond LHC reach
@ increased rate for sub-TeV particle: increased
precision wrt LHC/ILC: Z, W, top,...

@ rare process in sub-TeV mass range

@ Higgs and EWSB: more Higgs couplings, WW
scattering, Higgs self-coupling
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Physics opportunity at pp machine

80 -100 TeV

@ new particles: afew TeV - 30 TeV, beyond LHC reach
@ increased rate for sub-TeV particle: increased
precision wrt LHC/ILC: Z, W, top,...

@ rare process in sub-TeV mass range

@ Higgs and EWSB: more Higgs couplings, WW
scattering, Higgs self-coupling

SM Issues:
Parton distribution functions, Prof. Joey Huston (Michigan State University)
Top PDFs, Ahmed Ismail (ANL/UIC)

S.Su 13
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Study the SM-like Higgs

® Deviation of SM Higgs couplings
® New coupling structures, beyond the SM

® Higgs couples to new particles
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Study the SM-like Higgs

® Deviation of SM Higgs couplings
® New coupling structures, beyond the SM

® Higgs couples to new particles

SM Higgs studies and couplings using 100 TeV collider
Ian Low (Northwestern Univ. and ANL)

Higgs related SUSY and BSM phenomena

Prof. Carlos Wagner (University of Chicago and ANL)

Di- and Triple-Higgs studies

Dr. Chien-Yi Chen (Brookhaven National Laboratory)

Higgs and SM Physics Highlights from the LHC

Jeffrey Berryhill (Fermilab)

Prospects of Higgs and SM measurements at HL-LHC
Hidetoshi Otono (Kyushu, Japan) 14



i . Higgs and SM Physics Highlights from the LHC
LHC (W) H‘%‘ Jeffrey Berryhill (Fermilab)

ATLAS-CONF-14-009
CMS-PAS-HIG-14-009

ATLAS Preliminary Total uncertainty
) ) = 125.5 GeV
19.7 b (8 TeV) + 5.1 15" (7 TeV) M © 1o =20
Model: x4, Ky, Ky, Ky, Ko : :
Combined CMS my, =125 GeV pSM=13°/f e -
w=1.00=0.13 ..
Freliminary e . Wy
' : 10
H — bb tagged .

u=0.93x 0.49

H — Tt tagged

06852
u=0.91+0.27

=113 024 U[0.61,0.80]
H— WW tagged
w=0.83+ 0.21 K, €[-0.7,0.7]
H— ZZ tagged
w=1.00=0.29
| I I T T K E[-1 15,'067]
0 0.5 1.5 2

U[0.67,1.14]

Best fit O'/O'SM

Is=7TeV [Ldt=4.6-4.8 fo"
s =8TeV [Ldt=20.3 fb"

Parameter value

S.Su




. . Higgs and SM Physics Highlights from the LHC
LHC (nOW) nggs Jeffrey Berryhill (Fermilab)

ATLAS-CONF-14-009
CMS-PAS-HIG-14-009

ATLAS Preliminary Total uncertainty

19.7 b (8 TeV) + 5.1 6" (7 TeV) My = 1255 GeV | tlo =20
combined | CMS m,, = 125 GeV ?,AS ofs/w [l — 2
u=1.00=+0.13 Preliminary KZ:O 95+8$3 - ” - B / |
TR o | | o

Higgs width:on-shell/of f-shell ratio extrated fr‘om ZZ channel
CMS: 'y < 22 MeV (5.4 x SM)
ATLAS: 'y < 20-32 MeV (4.8-7.7 x SM)

w=1.13=0.24 U[0.61,0.80] \/ .
H— WW tagged 2y
u=0.83=0.21 K, €[-0.7,0.7]
10|
H— ZZ tagged
w=1.00=0.29 29
1 1 1 1 I 1 1 1 1 1 1 I 1 1 1 1 ](17 e[-1 _15,-0_67]
0 0.5 1 1.5 2 u[0.67,1.14] | ,
Best fit o/og,, . _ 19
) 1 2
Vs=7TeV [Ldt=4.6-4.8 b Parameter value

s =8TeV [Ldt=20.3 fb"
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Prospects of Higgs and

LHC, HL-LHC nggs SM measurements at HL-LHC

Hidetoshi Otono (Kyushu, Japan)

Higgs factory
@ 170 M Higgs produced in each experiment, ~2 M events after selection

@ rare decays: pp, Zy, factor of 2 enhancement from 300 fb-! to 3 ab-"

Snowmass Higgs Working Group, 1310.8361 New phySICS contribution
2
Luminosity 300 fb—! 3000 fb? 59511\?)( < 5% x <1Tev)
Coupling parameter 7T-parameter fit JHXX A
Koy 5— 7% 2 —5%
Kg 6 — 8% 3—-5% Model % Kb Ky
- 4— 6% 9 _ 5% Singlet Mixing ~ 6% ~ 6% ~ 6%
_ 6% 9 _ 4% 2HDM ~ 1% ~ 10% ~ 1%
"z L= ®  Decoupling MSSM  ~ —0.0013% ~ 1.6% ~ —.4%
Ru 14 — 15% 7—10% Composite ~ —3% ~—B8-9% ~—-9%
Kd 10 — 13% 4— 7% Top Partner ~ —2% ~ —2% ~ +1%
Ky 6 — 8% 2 — 5%
Ty 12 — 15% 5— 8% .
Might be good for some
Factor of 1.5-2 better. new physics with scale <1 TeV
S. Su SM Higgs studies and couplings using 100 TeV collider

Ian Low (Argonne National Laboratory)



HL-LHC: Higgs self-coupling

Negative interference reduces the sensitivity to guun

H N

With 3 ab™
Expected events

bbWW 30000
bbrt 9000 @A sensitivity of 30-50% might be achieved for bbyy

WWWW 6000 @ New physics deviation typically less than 20%
yybb 320

1 Di- and Triple-Higgs studies
YYYY Dr. Chien-Yi Chen (Brookhaven National Laboratory)

S.Su 17



100 TeV pp: Higgs

8 TeV 14 TeV 33 TeV 100 TeV
LHC LHC HE LHC VLHC

Process | 0 (100 TeV)/0 (14 TeV)

Total pp 1.25

W 2y
y4 w97/
ww ~10
Y4 ~10
Tt ~30

H ~15 (ttH ~60) At: 1%
HH ~40 A: 8%

S.Su  Snowmass QCD Working Group: 1310.5189 18
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WW scattering?

W_L W_L scattering and VBF Physics at 100 TeV Collider
Prof. Ashutosh Kotwal (Duke University)

Higgs and SM Physics Highlights from the LHC
Jeffrey Berryhill (Fermilab)

Prospects of Higgs and SM measurements at HL-LHC
Hidetoshi Otono (Kyushu, Japan)

Prospects of New Physics searches using HL-LHC
Altan Cakir (DESY)

19
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BSM Higgs Sectors
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BSM Higgs Sectors

® Implication of SM-like Higgs on BSM models
® Direct search for BSM Higgses

S.Su 20



BSM Higgs Sectors

® Implication of SM-like Higgs on BSM models
® Direct search for BSM Higgses

Extended Higgs sector (other Higgs)

Dr. John Stupak (Purdue University Calumet)

Higgs related SUSY and BSM phenomena

Prof. Carlos Wagner (University of Chicago and Argonne National Laboratory)
Prospects of Higgs and SM measurements at HL-LHC

Hidetoshi Otono (Kyushu, Japan)

S.Su 20



LHC: Hsm implication on 2HDM

Type 2: Combined Fit [68, 95% CL]

Craig, Galloway, Thomas, 1305.2424

Extended Higgs sector (other Higgs)
Dr. John Stupak (Purdue University Calumet)

S.Su 21



LHC: Hsm implication on 2HDM

Type 2: Combined Fit [68, 95% CL]

i | ijg:i ATLAS-PHYS-PUB-2013-015
4_| T T I T T T I I. T T I T T T I T T T I I. T T I- T T T J I. T I_
ix : - Expected 95% CL Limit ATLAS Simulation Preliminary -
K} ; = on 2HDM Type Il Vs=14TeV 7
; 350 - Ldt =300 fb™ All unc. i
A N | I R ST Ldt =300 fb™": No theory unc.
1 R SR Ldt = 3000 fb™: All unc.
3 ’Ldt:sooo fb": No theory unc.
B 25
2 ] __
; 15 | \
1
§ %“ /ﬁ
Ot, : 0.5 =N /
-10 -05 0.0 |
cos(S—a) -0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.08
 ——

cos(f-a)

Craig, Galloway, Thomas, 1305.2424

Extended Higgs sector (other Higgs)
Dr. John Stupak (Purdue University Calumet)

S.Su



LHC: Hsm implication on 2HDM

-10

-05

cos(,B—a)

Type 2: Combined Fit [68, 95% CL]

i::i ATLAS-PHYS-PUB-2013-015

Craig, Galloway, Thomas, 1305.2424

Extended Higgs sector (other Higgs)
Dr. John Stupak (Purdue University Calumet)

S.Su

Chen, SLAC workshop

@_ 4_I T T I T T T I ] I. T T I T T T I T T T I I. T T I- T T T J I. T I_
c [ Expected 95% CL Limit ATLAS Simulation Preliminary -
« = on 2HDM Type II Vs =14 TeV .
350 e Ldt =300 fb™": All unc. ]
............. Ldt = 300 fb™": No theory unc.
............. Ldt = 3000 fb™: All unc.
3 'Ldt =3000 fb™: No theory unc.
2.5
2 s S
1.5 c
1 =
=== — 10f
0.5 N s
|
-0.08 -0.06 -0.04 -0.02 0 0.02 O.( 81
o O
e
s
41
1N
0

.'||
} 14 TeV (3/ab)
" 100 TeV (3/ab)

|
|
|
\
\

|
/
/
A\

\
)
)

~0.04-0.020.00 0.02 0.04
cos(f—a)



ol

LHC: MSSM

tang(

160 200

LHC sensitivity

7+8TeV/ 25!

H/A — 17
H—VV s

A — hZ e
H — hh

H/A — tt m——

400 600 800
M, [GeV]

Snowmass 2013, Higgs working group

S.Su

1000

. 60 : 1
c | H- 1t
& 0 H-—2Z
50H
:_H—>tt
[| — bbH — bbbb 2
40_— ]
B 7] —0.6
30— —
- 4 —o.4
20— —
B 4 —o.2
10 —
B Il 1 1 1 | Il Il Il Il | Il Il Il Il ]
% 500 1000 1500 °

Arbey, Battaglia, Mahmoudi (2013)
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LHC: MSSM

LHC sensitivity

7+8TeV/ 25!

H/A — 17
H—VV s

A — hZ e
H — hh

600 800

Snowmass 2013, Higgs working group
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1000

. 60 : 1
c | H- 1t
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50H
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Arbey, Battaglia, Mahmoudi (2013)
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LHC(now): BSM Higgses 5V oie 23 ightionts from the tric

Conventional search channel: H/A > yy, ZZ, WW, 1, bb
(even for non-SM Higgs)

7 o
% P
¢ B
/ 47 s
.
1 0 ) ” / >
N S s s SIS SIIS SIS SIIIIS SIS S SISIISS SIS SS SIS SIS S S S S S

LSS S LSS LSS LSS LSS LSS S S S S S S

MSSM m,* scenario

/7
"//////////////////////[////////////////r///////////////-
L 'l 'l l 'l 'l 'l 'l 'l 'l 'l 'l 'l

CMS hHA-w 19.7 b (8 TeV) + 4.9 fb™ (7 TeV)
el 60 — r 1 r r 1+ r 11 11 T°r ] T I
5 - |CL(MSSM,SM)<0.05: -
S [ i
50 | — Observed A
[ |- Expected i
- + 1o Expected -
g b 40 -
00000000 — L =20 Fxpected ]
Y -7 i
h,H, A 30 .
¥ -
4 ¥ -
Y b 20 -

.
///////////

200 400 600 800 1000
m, [GeV]

CMS: 1408.3316
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Exotic Decay for Other Higgses

(bb/TTIWW/ZZ)(bb/TT/WW/ZZ)

HH type hsm — AA,
H — hsm hsw,
H— AA,
Ai — HjAx,...
H*H- type |(Tv/tb)(Tv/tb) H/A — H*H-
ZH type [(lIl/qql/vv)(bb/TT/WWI/ZZ) hsm — ZA,
A— Zhsw, ...
WH? type |(lv/qq’) (Tv/tb) H/A— WH?*
WH type ((Iv/qq’)(bb/TT/WW/ZZ) tH* production,
H*— WH
H*— WA

Relax current limits

New channels open up for non-SM Higgs decay
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Exotic Decay for Other Higgses

HH type |(bb/TT/WWIZZ)(bb/TT/WWI/ZZ)

hsm — AA,
H — hsm hsw,
H— AA,
Ai — HjAx,...
H*H- type |(Tv/tb)(Tv/tb) H/A — H*H-
~\
ZH type  ((I/ q/vv@n/WW/ZZ) hsm = ZA,
A— Zhsw, ...
WH?* type |((Iv/qq’) (Tv/tb) H/A— WH*
WH type ((Iv/qq’)(bb/TT/WW/ZZ) tH* production,
H*— WH
H*— WA

Relax current limits

New channels open up for non-SM Higgs decay




LHC: H/A =» AZ/HZ

pp—H/A — 171 pp—H/A—-AZ/HZ— 71 ll, bbll
20 —1—q
507 L e '—'—'—I—'—"— ] L
2HDM _.--~ ﬁ
——
0| pmm—-—— ] 15+ #.25 BPI
, L
Q 10 ~ | : (400,126,50)
g Q
-5k 95 9% Exclusion 1 g
pp—oA-TT
27 Vs =8TeV,19.7fb! -

B. Coleppa, F. Kling, SS (2014)
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LHC: H/A = AZ/HZ

pp—H/IA—AZIHZ— 77 II, bbll

LHC 14, 100 fb-"

1000

SA—HZobb /|
500 s8

] 40 |

5 o Discovery _
200 - . 30
100 _

50 1

A->h'z
m, =50 GeV

sin (B—a)=0

o x BR (fb)
A

T

T

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

200 300 400 500 600
my (G@V)

B. Coleppa, F. Kling, SS (2014)
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LHC: H/A = AZ/HZ

pp—H/IA—AZIHZ— 77 II, bbll

LHC 14, 100 fb-"

50 “““““““““ ——t 50 L N
———————_ : :
= 40 ]
| 9 ] A K7 ]
o 10 | 30 - m,o=50 GeV |
{5 sin (B-)=0 |
T 57 5 o Discovery - ]
pp—2A-TT
2¢ Vs =14TeV,30 b -

B. Coleppa, F. Kling, SS (2014)

S.Su 26



LHC: H/A = AZ/IHZ

pp—H/IA—AZIHZ— 77 II, bbll

LHC 14, 100 fb-"

50 L LR -y 50 3
20 -——_—‘:_ — | 40:
g i
2010 | 30¢
S5t 5 o Discovery 1
pp—2A-TT
27 Vs =14TeV,30 fb"

B. Coleppa, F. Kling, SS (2014)

complementary to the conventional TT mode

S.Su

T i T T T T T

A-> K Z
m,=50 GeV

sin (B—a)=0

1
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LHC: HIA= AZ/IHZ 05 s e cime

pp—>HIA—>AZIHZ—> 1T ll, bbll Brownson et. al., 1308.6334

TYPE 2 2HDM: LHC A—Zh vs. couplings, my =800 GeV
= lw [T T T T T T T T T T T T T T T T T T T ]
” S A-Zh disc. 14 TeV 300 fb ! 4 \

'
\
tg =50 SoA-Zhdisc. 14TeV 300007 B

S A-7Zh disc. 33 TeV 3000 b !

Sor A—Zh disc. 100 TeV 1000 b
® 95% coupl. allowed 14 TeV 300 fb '
1 = 10 1[5 55% coupt, allowed 14 TeV 3000
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LHC: HIA= AZIRZ 0 o e ot

pp—>HIA—>AZIHZ—> 1T ll, bbll Brownson et. al., 1308.6334

TYPE 2 2HDM LHC A—)Zh vs. couphngs mA—800 GcV

1p = 100 T 5 ]
Sor A-7Zh disc. 14 TeV mfb‘ \

\
1p =501 So A-Zhdisc. 14 TeV 3000 fb~ }

Sor A-Zh disc. 33 TeV 3000 fb !

co"".'"""
£
' 4
/

S A=Zh disc. 100 TeV 1000 b
® 95% coupl. allowed 14 TeV 300 fb '

=
I
=
T

955 coupt.allowed 14 TeV 3000

{ﬂ:l-

complementarity between direct search and coupling measurements.

N/

COS(B—a)
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LHC: H*=> AW/HW

Charged Higgs search is difficult!
@ small production cross section

@ H* > tb, large backgrounds

@ H* 2 1v, cs, suppressed signal

60 ————

_~/ATLAS Preliminary

sol. my (s=8 TeV

C Data 2012
450 f Ldt = 19.5 fb”
40:_ — — - Median expected exclusion

E |:| Observed exclusion 95% CL
35 P Observed +10 theory

" HE>T1vV ]

......... Observed -10 theory

3
200 220 240 260 280 300 320 340 360 380 400
ATLAS-CONF-2013-090 m,- [GeV]




B. Coleppa, F. Kling, SS (2014)

S.Su

LHC: H¢*

pp — H* tb — 1v bbjj
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LHC: H*

pp—H: tb>AW/HW tb— 17 bb Iv qq

LHC 14, 300 fb-"

500 =N _ 50

N gboHT tb>AW® tb>7rbbW
Mo 5 o Discovery

m,=50 GeV
10 | sin (B—a)=1 .

B. Coleppa, F. Kling, SS (2014) Type Il 2HDM
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LHC: H*

pp—H: tb>AW/HW tb— 17 bb Iv qq

LHC 14, 300 fb-"

——— —S
500 =~ 1 50

N gboHT tbo>AW® tb>TtbbWW
\ 5 o Discovery

my,=50 GeV
10 ¢ sin (B—a)=1 1

B. Coleppa, F. Kling, SS (2014) Type Il 2HDM

Reach at small tan B: complementary to the H* = 1v channel
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LHC: H*

pp—H: tb>AW/HW tb— 17 bb Iv qq

LHC 14, 300 fb-"

500 =N _ 50

N gboHT tb>AW® tb>7rbbW
Mo 5 o Discovery

m,=50 GeV
10 | sin (B—a)=1 .

B. Coleppa, F. Kling, SS (2014) Type Il 2HDM

Reach at small tan B: complementary to the H* = 1v channel
100 TeV reach for BSM Higgses needed,
S both for conventional channels and exotic channels.
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Naturalness and Top Partners

€ (125 GGV/MNP)2
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Naturalness: Top Partner

__.‘.__ ___‘.__

(mHz)physicaI ~ (mHz)bare +  Acutori? = Acutoff?

@ A light Higgs mass and top contribution = top parter @ TeV scale
@ top partner = top (or bW) + X

Top partners including SUSY stop productions, Aram Avetisyan (Boston University)
Composite Higgs, Giuliano Panico (CERN & ETH Zurich)

decay might be highly suppressed.
@ top partner not necessary charged under SU(3)c
could hide at the LHC or pp machine (strong production)
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LHC/HL"LHC: s*» Zl;g:%iﬁitrs(giégl\gw Physics searches using HL-LHC

1], production L+ BITE (L ei A+ WBT /115  Status: ICHEP 2014

s- rvvvlvvvv-‘[ YvYIvv'vv‘VY ]"v'v']‘v: ;1000:Alll§'||l.lll'ljlll IIIIIIIIII:
3 - ATLAS Proliminary L =200 18TV L =478 15e7 YoV o —“ATLAS Simulation Preliminary e
™ =: g Y - oo B ©, 900 :_\3'3—14 TeV =300 fb”' (<u>=60) 56 discovery =
E -y & ooy 2 pawe eveey E o - o= #2300 fb™! (<u>=60) 95% CL exclusion -
. WhE WL [1o07 Bta. L (1400 4053 3 . 800 ==3000 fb", (<u>=140) 50 discoverr =
— apwen 3 = C *+3000 fb™' (<p>=140) 95% CL exclusion 3
- AR R - 700F EATLAS 8 TeV (1-lepton): 95% CL obs. limit]
- - | - 0, - - -
- Saits oo Ex — 3 - OATLAS 8 TeV (0-lepton): 95% CL obs. |Imlt:
AX s at 5% CL = 600—_ eVETEEI IR, =
3 E . ot e, E
= 500F-0 and 1-lepton combined .:::rs‘-----» T
3 400F . -
3 300 . =
3 — . -
3 200 H -
3 100 . i
5 0 : 1 1 I 1 1 1 1 1 1 : 1 1 1 I I: 1 :
200 400 600 800 1000 1200 1400
mstop [GeV]
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LHC/HL-LHC: ghop  Ficssissiiysw rhvsics searches using Hi-tic

U, production, L+ BITE (L e A+ WBE /115 Status: ICHEP 2014

Sbottom pair production, b, —b %0, Vs=14TeV =1000 - UL UL LU L UL L L
= —— - > 900 :A TLAS Simulation Preliminary ]
8 1200 [ ATLAS Simulation Preliminary Opyg = 30% ] 9 - \s=14 TeV =300 fb”' (<u>=60) 56 discovery -
= - _ o - Vo= **300 fb” (<1>=60) 95% CL exclusion =
I C @ ATLAS 20.1 fb™, Vs =8 TeV, 95% CL | 9 800 ~ =3000 fb"_ (<u>=140) 50 discoverr . =
€ 1000 0 - 300 fb™' exclusion 95% CL . £ = *=3000 fb™' (<p>=140) 95% CL exclusion 3
- 3000 fb' exclusion 95% CL | 700 EATLAS 8 TeV (1-lepton): 95% CL obs. limit]
C —— 300 fb™' 56 discovery ] — COATLAS 8 TeV (0-lepton): 95% CL obs. limit -
800+ —— 3000 fb"" 56 discovery — 600 . —=
: ”””” \ : E . ““ .."'o E
600 & TN ] 5000 and 1-lepton combined ,::;.-"-‘-----» CR—
- o - 400F- O
400 Voo — = s
B I ; 300F T =
200 b — 200 : : 3
! i . - - -
0 ! ! ! | ! f :1 | I' ! ! ! ! ] 1 oo :_ E E -
500 1000 1500 2000 - | . N
O - 1 L1 L1 el S B | [l

mg, [GeV] 200 400 600 800 1000 1200 1400
| mstop [GeV]
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LHC/HL-LHC: ghop  [iormssis ity phvsics searches using i-tic

L, production, L+ BT (L e A+ WBE /11 5] Status: ICHEP 2014

Sbottom pair production, 51 —->b )N(? Vs=14TeV ;il 000 :A LI é e L T T4
= —— 2 000k TLAS Simulation Preliminary B
8 1200 | ATLAS Simulation Preliminary Opyg = 30% _ 9 - \:S— 14 TeV =300 fb"! (<>=60) 56 discovery -
= - - o - Vo= 2300 fb™ (<u>=60) 95% CL exclusion 3
I C @ ATLAS 20.1 fb™, Vs =8 TeV, 95% CL | 9 800 — ==3000 fb'1 (<u>=140) 50 discoveri/ . 3
E 1 000 - asam 300 fb_1 exclusion 95% CL ] E - *= 3000 fb~ (<p.>=140) 95% CL exclusion -]
- 3000 fb' exclusion 95% CL | 700 EATLAS 8 TeV (1-lepton): 95% CL obs. limit]
C —— 300 fb"' 56 discovery ° ] — COATLAS 8 TeV (0-lepton): 95% CL obs. limit -
800 —— 3000 fb"" 56 discovery — 600 rrrrmreare —=
- e \ - = , e 3
65001 & TN E 5000 and 1-lepton combined “--:b""""'“., Y
- Bt P . = KA %, : =
- Vo . 400 o “ R
4001 ! - = : S
- Vo ’ 300 s HE-
| ' ' _ — ) - -
200~ P . 200F- : -
! i . - R
0 1 1 1 | 1 M :1 | I‘ 1 1 1 1 ] 1 00 — E ]
500 1000 1500 2000 - . | -
0 - L1 Il R N | ™ 1

m;, [GeV] 200 400 600 800 1000 120 1400

mstop [GeV]

@ Mass reach extended by a factor of 2 at 14 TeV, 300 fb-
@ further extended by 20% at 3 ab
@ If no excess seen at 300 fb', can not be seen at 3 ab™!

S.Su  True for many other new particle searches as well. 33



lm TCV pp: S"op SUSY Colored production with gluinos and squarks

Mike Hance (LBNL)

CL, Discovery

CL. Exclusion
I 10 10000 >
8000 o s =100 TeV 1 " Boosted Top | /s=100TeV — Boosted Top ’

i j Ldt = 3000 fb — Compressed | - . det 4000 1 —Compressec

i =209 8000}

L ESYS,bkg =20% © . 009 10-1 3
= 6000 __gsys sig = 20% 8 ; - “sys,bkg ] =
8 | = © © 6000} Esyssig™ 20% o)
K I =) € . 102 3

3x 4000 = - ks
S - OF X 4000t .- =]
U) " 3 O
i 10 m
2000 "0
- =10*

2000 4000 6000 8000 0="2000 4000 6000 8000 10000
m- (GeV) m- (GeV)

T. Cohen et. al, 1406.4512

@ HL-LHC: mass, coupling, decay channels, spin
@ 100 TeV pp: stop-stop-h production

e ILC: |Igh1’ STOP < Ecm/2
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x2°
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Stop decay
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Stop decay
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Stop decay

t x2° could be competitive
@ Current limit based on t x1°and b x1* become much weaker

® new final state for stop searches:

(bW)(tZ/h)MET, (tZ/h)(tZ/h)MET
S. Su 35



Stop decay

J. Eckel, SS, H. Zhang (2014)

100 N | | | | | ]
- 0 :
X2t 1
— 7
0 ]
g Xat
=
Q
<
i
=
a0 -1 L _
= 10
o=
o
+
= X1 b
S
M
0
Xit
10—2 ] ] ] ] ]
400 600 800 1000 1200 1400 1600

m;, [GeV]

Branching Fraction

| | | | |
100 | -
- X1t
1071 | 4
0
X1b
0
0 Xzb
10—2 X3b| | ] ]
400 600 &00 1000 1200 1400 1600

m;, [GeV]

Higgsino NLSP, Bino LSP, left stop/sbottom 36



Naturalness

e ~ (125 GeV /Myp)?} sor ﬁ

1000 2000 3000
mass (GeV)

@ LHC: TeV scale for top partner, £~1%
e HL-LHC:
increase the reach by 10-20%, measure top partner property
© 100 TeV VLHC: 10 TeV level, e~10+4
© ILC: Ecm/2, 1 TeV machine, £~1%
Precision measurements, multi TeV level

SUSY and BSM Physics opportunities with higher energy proton colliders

Raman Sundrum (University of Maryland)
S. Su 37
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Dark Matter

ggff
0.3

TMWIMP S 2 TeV

Dark Matter, WIMPS or Axions

Prof. Liantao Wang (University of Chicago)

Vector boson productions associated with new physics
Prof. Bhaskar Dutta (Texas A&M University)
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Effective operator

® study effective operators that couples DM to SM quarks/gluons
@ same operator also contribute to DM direct detection: complementary

Collider Searches

<
DM SM

2
geff
< 2 TeV
MWIMP > € (O.B)

DM SM

direct DM detection

S.Su 39



Direct detection versus collider reach

LUX collaboration, 2013

SuperCDMS Soudan CDMS-lite
SuperCDMS Soudan Low Threshold
XENON 10 S2 (2013)
1 0—39 } . CDMS-Il Ge Low Threshold (2011) 1 0—3
T T T

10—40
10—41 L
10742}
10—43 :

4
104
1074
10746

(Violet oval) Magnetic DM
10_48 (Blue oval) Extra dimensions

WIMP—nucleon cross section [cm?]
WIMP-nucleon cross section [pb]

(Red circle) SUSY MSSM

10_47 [ (Green ovals) Asymmetric DM \ \\ -=" ’ ‘ 10_11

A MSSM: Pure Higgsino 'l

10749} @ Mssm: A funnel \ o Nmosp\" 110713
@ MSSM: Bino-stop coannihilation
Y MSSM: Bino-squark coannihilation

] 10 100 1000 10
WIMP Mass [GeV/c?]

1070

S. Su 40



Direct detection versus collider reach

LUX collaboration, 2013

SuperCDMS Soudan CDMS-lite
SuperCDMS Soudan Low Threshold
XENON 10 S2 (2013)
1 0—39 } . CDMS-Il Ge Low Threshold (2011) 1 0—3
T T T

10—40
10—41 L
10742}
10—43 :

4
104
1074
10746

P—nucleon cross section [pb]

(Violet oval) Magnetic DM
10_48 (Blue oval) Extra dimensions

WIMP—nucleon cross section [cm?]

(Red circle) SUSY MSSM

A MSSM: Pure Higgsino

10749} @ Mssm: A funnel

@ MSSM: Bino-stop coannihilation
¢ MSSM: Bino-squark coannihilatipn

1 0 100 1000 10
WIMP Mass [GeV/c?]

10_47 [ (Green ovals) Asymmetric DM \ ~

1070

S. Su 40



Direct detection versus collider reach

LUX collaboration, 2013

SuperCDMS Soudan CDMS-lite
SuperCDMS Soudan Low Threshold
XENON 10 S2 (2013)
1 0—39 } . CDMS-Il Ge Low Threshold (2011) 1 0—3
T T T

10—40
10—41 L
10742}
10—43 :

4
104
1074
10746

P—nucleon cross section [pb]

(Violet oval) Magnetic DM
10_48 | (Blue oval) Extra dimensions
(Red circle) SUSY MSSM
A MSSM: Pure Higgsino
10749} @ Mssm: A funnel
@ MSSM: Bino-stop coannihilation
Y MSSM: Bino-squark coannihilation

7 y i ‘ _14
1 10 100 1 1050
WIMP Mass [GeV/c?]

WIMP—nucleon cross section [cm?]

\“ N N ‘\ ~ B B
10_47 [ (Green ovals) Asymmetric DM \ ~ - e B

1070

0(100) GeV DM,

S su typical DM range




Direct detection versus collider reach

LUX collaboration, 2013

SuperCDMS Soudan CDMS-lite
SuperCDMS Soudan Low Threshold
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Direct detection versus collider reach

SuperCDMS Soudan CDMS-lite
SuperCDMS Soudan Low Threshold

XENON 10 S2 (2013)

LUX collaboration, 2013
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SUSY and BSM Highlights from the LHC
James PILCHER (University of Chicago)

LHC/1 OO TGV H'%S Dark Matter, WIMPS or Axions

Prof. Liantao Wang (University of Chicago)

=l

g TeV, 19.6 o

<o Monopholon: £ 5

CMS Monojet

T III|T|'| IIIII|'|T| IIIII|'|T| IIIII|T|'| T 11T

|'|T| T IIII|'|T|

monojet, monophoton, monoZ,
monoW, mono-b, ...

-CMS Preliminary

E
- Spin Dependent, Axial-vector operator >
10-44| 1 Lol 1 Lol 1 A|||||||
1 10 10? 10°

M, [GeV

v-Nucleon Cross Section [cm?]
5 333 3 3 3 3

o ",
(v 0@y Q)

CMS PAS EXO-12-047
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LHC/100 TeV: Higgs

— — — —
o o Q o
[ W (] [
© ¢ ~ [}

g TeV, 19.6 o

photon: (s=

3
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10
M, [GeV]

SUSY and BSM Highlights from the LHC
James PILCHER (University of Chicago)

Dark Matter, WIMPS or Axions
Prof. Liantao Wang (University of Chicago)

CMS PAS EXO-12-047
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LHC/100 TeV: Higgs

] 0-36

— — —
o o Q
[ W (]
© ¢ ~

w-Nucleon Cross Section [cm
2 3

oMs Monophoter ©

T III|T|'| IIIII|'|T| IIIII|'|T| IIIII|T|'| T 11T

CMS MonOXe‘

e Tev, 1961

E

E

-CMS Preliminary

E _ &y ¥ 0@ a)

F Spin Dependent, Axial-vector operator %

| 1 IIIIIII| 1 IIIIIII| 1 IIIIII|

1 10 102 10°
M, [GeV]

CMS PAS EXO-12-047

S.Su

SUSY and BSM Highlights from the LHC
James PILCHER (University of Chicago)

Dark Matter, WIMPS or Axions
Prof. Liantao Wang (University of Chicago)

CMS PAS EXO-12-047
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small mx region, spin-dependent
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LHC/100 TeV: Higgs
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SUSY and BSM Highlights from the LHC
James PILCHER (University of Chicago)

Dark Matter, WIMPS or Axions
Prof. Liantao Wang (University of Chicago)
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. Dark Matter, WIMPS or Axions
LHC/1m TOV MSSM DM Prof. Liantao Wang (University of Chicago)

m 6 C =
s b 100 Tev :
N RN TR BiaTev |
- Monojet 2
4— %
3 g
ZJEN IR e g
- 95% 5
T Wino
- 1-2% sys
B 1 1 1 1 | I - d 1 1 | 1 1 1 1
00 500 1000 1500 2000

Matthew Low, Wang (2014)
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LHC/100 TeV: MSSM DM

om 6 =
£ 100 Tev :
5 14 Tev L
Monojet 2

Dark Matter, WIMPS or Axions
Prof. Liantao Wang (University of Chicago)
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Matthew Low, Wang (2014)
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LHC/100 TeV: MSSM DM

Dark Matter, WIMPS or Axions
Prof. Liantao Wang (University of Chicago)

om 6_ =
£ i 100 Tev :
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Matthew Low, Wang (2014) [
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gluino coan.

squark coan.
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Collider Limits
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Dark Matter

WIMPs E
9o ) |

0.3 0 1000 2000
mass (GeV)

mMWNVIMP S 2 TeV (

© Dark matter at TeV scale (Wino or Higgsino LSP)
= can not be explored at LHC 14 with 300 fb-
= enhanced reach at VLHC 33 or 100 TeV

e Smaller dark matter mass

= low mass loopholes of suppressed coupling or compressed
spectrum, small MET

= e+e- collider, reach Ecm/2.
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Dark Matter

0 1000 2000
mass (GeV)

mwivmp < 2 TeV (

e Dark matter at TeV scale (Wino or Higgsino LSP)
= can not be explored at LHC 14 with 300 fb-
- enhanced reach at VLHC 33 or 100 TeV

e Smaller dark matter mass

= low mass loopholes of suppressed coupling or compressed
spectrum, small MET

= e+e- collider, reach Ecm/2.

SUSY Electrowinos including Higgs in the final state
Felix Kling (University of Arizona)

Dark Matter, WIMPS or Axions
Prof. Liantao Wang (University of Chicago)

Vector boson productions associated with new physics (VBF)3
Prof. Bhaskar Dutta (Texas A&M University)
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Searches for New Particles

® strong interacting partiéles
gluinos, squarks
® EW interacting particles

electroweakinos: (W/Z/h)(W/Z/h)+MET final states
sleptons: reach depends on LSP type
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Searches for New Particles

@ strong interacting par‘riéles
gluinos, squarks
® EW interacting particles
electroweakinos: (W/Z/h)(W/Z/h)+MET final states

sleptons: reach depends on LSP type

High-mass states decaying to ttbar in fully boosted regime at a 100 TeV collider
Sergei Chekanov (ANL)

Ratios and characteristic distributions in the search for deviation from the SM
productions, Dr. David Curtin (Stony Brook)

Colored resonances, Dr. Felix Yu (Fermilab)

Boosted SM topologies and algorithms, Brock Tweedie (University of Pittsburgh)
Composite Higgs, Giuliano Panico (CERN & ETH Zurich)

Zprime at 100 TeV Collider, Zhen Liu (University of Pittsburgh)

SUSY and BSM Highlights from the LHC, James PILCHER (University of Chicago)
Prospects of New Physics searches using HL-LHC, Altan Cakir (DESY)
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Searches for New Particles

@ strong interacting parﬁéles
gluinos, squarks

® EW interacting particles
electroweakinos: (W/Z/h)(W/Z/h)+MET final states
sleptons: reach depends on LSP type

in fully boosted regime at a 100 TeV collider

ns in the search for deviation from the SM

ms, Brock Tweedie (University of Pittsburgh)
RN & ETH Zurich)

(University of Pittsburgh)
LHC, James PILCHER (University of Chicago)
using HL-LHC, Altan Cakir (DESY)
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Case All
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Searches for New Particles

@ strong interacting partiéles
gluinos, squarks

® EW interacting particles
electroweakinos: (W/Z/h)(W/Z/h)+MET final states
sleptons: reach depends on LSP type

Eckel, Ramsey-Musolf, Shepherd, Su (2014)

' ' ' |
| _]\41/]\42>07 tanﬁ:lO ‘_ -

0.9 v !

s V[ /My > 0, tan § = 3 L

107" ons 08| m' = My /My < 0, tan 8 = 10 t '
Bro‘—N 0.7F| ' == M;/My <0, tan3 =3 1 !

mil= 0.6 !

£=100 fb! \/5s =14 TeV.

Case All
M1 <lul < M2
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BSM: Collider Reach
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Cosmo connection

baryongenesis, phase transition

46



Conclusion

® the discovery of Higgs is a remarkable triumph in particle physics
@ a light weakly coupled Higgs argues for new physics beyond SM

@ Search for new physics calls for both high precision machine and high
energy machine

@ HL-LHC: probe Higgs precision few% (factor of 2 increase), search for

new physics limited (20% increase)

@ 100 TeV pp machine:
- probe energy frontier: BSM Higgs, naturalness connection, dark matter
- precision, H coupling, H3,H4,V3,V4 couplings (cosmo connection)

® FCC-ee/hh, CEPC/SPPC, ILC/CLIC...
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Conclusion

100 TeV pp

HL-LHC

LHC

An exciting journey ahead of us!
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. SUSY and BSM Highlights from the LHC
LHC (W) QSM James PILCHER (University of Chicago)

CMS Preliminary, 19.5 fb™, {s = 8 TeV
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H . SUSY and BSM Highlights from the LHC
L C (W) BSM James PILCHER (University of Chicago)
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LHC/HL-LHC: gluine and suark

SUSY Colored production with gluinos and squarks, Mike Hance (LBNL)

G-0 production, § — q X, (Herwig++), m_=4.5TeV
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LHC/HL-LHC: gluine and suark

SUSY Colored production with gluinos and squarks, Mike Hance (LBNL)
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LHC/HL-LHC: gluine and suark

SUSY Colored production with gluinos and squarks, Mike Hance (LBNL)

g-g production, g - qq x
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LHC/HL-LHC: gluine and suark

SUSY Colored production with gluinos and squarks, Mike Hance (LBNL)

g-g production, g — qq ;Z? < 12—————— | : —
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@ Mass reach extended by a factor of 2 at 14 TeV, 300 fb-'
@ further extended by 20% at 3 ab

@ If no excess seen at 300 fb', can not be seen at 3 ab-
@ 100 TeV pp: increase the reach by a factor of 5.
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LHC (now): Neutralino/Chargine
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LHC (now): Neutraline/Chargine
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LHC (now): Neutralino/Chargine

0~z ! . ¢
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LHC (now): Neutraline/Chargine
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A rich mixture of (W/Z/h)(W/Z/h)+MET final states!

SUSY Electrowinos including Higgs in the final state54
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LHC/HL-LHC: Neutraline/Chargine

Prospects of New Physics searches using HL-LHC, Altan Cakir (DESY)

ATLAS-PUB-2014-010
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® Mass reach extended by a factor of 2 at 14 TeV, 300 b
@ further extended by 20% at 3 ab™

® If no excess seen at 300 fb!, can not be seen at 3 ab™!
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100 TeV pp: Neutralina/Chargine

. Dark Matter, WIMPS or Axions
100 TeV PP Prof. Liantao Wang (University of Chicago)
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VBF production becomes more important at 100 TeV pp as well.
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Neutralino/Chargino: Compressed

Case Bl

) o —

X1°h

X1°Z

Al

x® ——

X1E W+

x3°

X12°h

Case CI

X1,2°Z

S.Su

X1EW=

NLSP production suppressed.

Compressed spectrum,

nearly degenerate LSP pair productions

ILC: Unique opportunity, MET+Initial State radiation.

SUSY Electrowinos including Higgs in the final state

Felix Kling (University of Arizona)

Dark Matter, WIMPS or Axions

Prof. Liantao Wang (University of Chicago)

Vector boson productions associated with new physics (VBF)
Prof. Bhaskar Dutta (Texas A&M University)
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LHC (now): Sleptons

dilepton + MET

ATLAS, 1403.5294
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LHC (now): Sleptons

dilepton + MET

ATLAS, 1403.5294

; 350_|||||||||| L L B S B B B B e ; 350_|||||||||| |||||||||||||||||||_
) - A A e o ]
(3 - ATLAS == Observed limit (+10525") ] o - ATLAS —— Observed limit (=103, 01)
Ec,X— 300 :_ [Ldt=203fb" Vs=8Tev === Expected limit (=10,,,) _: Ecix* 300 [—fLdt=203b" Vs=8Tev === Expected limit (£10,,,) —
- 'i:-_’il‘- = If)zolzio - LEP2 HR excluded ] — 'i:;i; - F)‘(":lz’)‘('? - LEP2 ﬁR excluded :
o All limits at 95% CL ] s All limits at 95% CL ]
250 [ b imits a - 250 - P 5
B 7 s - / ]
- 7/ ] B 7/ ]
200 - — 200 — < =
L @ N S - ]
B «\L"Q/ ____________ ] ! ]
150 € = - 15 —
B s N ] p ) :
C \ ] J4 -0 ]
100 = 10¢ -7 - E
50 . ] 5( / X1 ]
] p ]
O | | | | | | I T | | I ':-l I|-| | | | N ( 1
100 150 200 250 300 350 400 /

M. [GeV]

™ @ 100% Br?
@ sl sl production?

S.Su



Decay of slepton

Wino-like LSP
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Decay of slepton

Wino-like LSP

® sl.=> ¢ x1°Br suppressed

® snu = ¢ x1* contribute

® sl sl slisnu, snusnu all contribute
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Higgsine LSP case

Higgsino-like LSP
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Higgsine LSP case

Higgsino-like LSP
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Higgsine LSP case

Higgsino-like LSP
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Higgsino LSP case

Higgsino-like LSP

e depend on M1/M:
® sign of M1/M2 matters
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Higgsino LSP case

Higgsino-like LSP

e depend on M1/M:
® sign of M1/M2 matters
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Higgsino LSP case

sl
Higgsino-like LSP
¢ X1,28
?2?% ® depend on M1/M:
® sign of M1/M2 matters
X1,20 V_

M1/M2 = sw?/cw?
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Higgsino LSP case

sl
Higgsino-like LSP
¢ X1,28
?2?% ® depend on M1/M:
® sign of M1/M2 matters
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Higgsino LSP case
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2L+MET cross sections
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LHC: Sleptons

Eckel, Ramsey-Musolf, Shepherd, Su (2014)

I - i T T T T 1] l
_ e V[ /M5 > 0, tan 8 = 10 -
= 1 — 0-9 [ 1
£=100 {b™ V5 =14 TeV e M /Mj > 0, tan 3 = 3 !
IR M, /M, < 0, tan 3 = 10

| My /My <0, tan 8 = 3

£ =100 fb \/5 = 14 TeV.

S.Su

200 300 400 500 600 700 800
mg [GGV]
L

63



